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1. INTRODUCTION

The use of shielding to contend with noise or harmful EMI/EMR energy is not a new concept.
An inevitable trade that must be made for shielding is physical space and weight. Space was
often not as much of a painful design trade in older larger systems as they are in today’s smaller
systems. Today we are packing in an exponentially growing number of functionality within the
same or smaller volumes. As systems become smaller and space within systems become more
restricted, the implementation of shielding becomes more problematic. Often, space that was
used to design a more mechanically robust component must be used for shielding. As the system
gets smaller and space is at more of a premium, the trades starts to result in defects, designs with
inadequate margin in other performance areas, and designs that are sensitive to manufacturing
variability. With these challenges in mind, it would be ideal to maximize attenuation of harmful
fields as they inevitably couple onto transmission lines without the use of traditional shielding.
Dr. Tom Van Doren proposed a design concept for transmission lines to a class of engineers
while visiting New Mexico. This design concept works by maximizing Electric field (E) and
Magnetic Field (H) field containment between operating transmission lines to achieve what he
called “Self-Shielding”. By making the geometric centroid of the outgoing current coincident
with the return current, maximum field containment is achieved. The reciprocal should be true as
well, resulting in greater attenuation of incident fields. Figure’s 1(a)-1(b) are examples of
designs where the current centroids are coincident. Coax cables are good examples of
transmission lines with co-located centroids but they demonstrate excellent field attenuation for
other reasons and can’t be used to test this design concept. Figure 1(b) is a flex circuit design that
demonstrate the implementation of self-shielding vs a standard conductor layout seenin Figure
1(c) (Doren 20).

(a) Coax Cable

f: i+ i-/2 /fr \Centroid
NV AN

(b) Coax Cable (c) Coax Cable

Figure 1. Coincident Current Centroids
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1.1. Problem Statement

Noise errors always requires a noise source, a coupling mechanism and a component sensitive to
noise (Doren 8) (Ott 18). Disable or remove one of these three components of noise and you
eliminate the noise error. Transmission lines can be noise source's and coupling mechanisms for
noise in that they can operate as antennas. They can operate as receiving antenna’s (coupling
mechanisms) delivering energy to other components. They can operate as transmitting antenna
(noise source's) transmitting noise. Designing out a transmission lines tendency to emit and/or
receive noise through field containment is the focus of this project.

1.2. Hypothesis

Field containment is enhanced and its performance as a noise source or receiver is reduced when
the centroid of outgoing and returning current is co-located.

1.3. Scope

In addition to testing this Hypothesis, a method for modeling transmission lines as antenna’s will
be developed using CST. The two modeling methods will allow a designer to characterize the
transmission line as a transmitting antenna and as a receiving antenna using CST. The
Hypothesis will be tested by modeling flex circuit designs with self-shielding and without self-
shielding. The parameters used as a metric for differentiating the design’s performance will be
common antenna parameters. The Gain and Antenna Radiation Efficiency will be the most
important parameters. Effective height will be measured on one design to demonstrate a method
for characterizing the transition line asareceiving antenna. Impedance and loop area of the
traces will be used as constraints. Loop area is the area between the traces carrying a signal. The
length, materials, and width of the ground plane will be fixed for all of the samples.

2. COMPONENT/SAMPLE DESCRIPTION

2.1. Design Intent & Function

This project serves as an accelerated learning cycle that could feed into many future custom
designs. These layouts could be utilized in high frequency applications and in low frequency
application. This means that impedance will need to be controlled in some applications but not in
others. As aresult, Impedance can be a constraint in future applications.

2.2. Design Options considered and rationale for down-selection

Unfortunately, when a specific impedance must be maintained it forces the designer to spread
out the traces. The self-shielded design works because they achieve strong field coupling
between traces. This tight field coupling produces lower impedance. Unfortunately, spreading
out the traces is counterproductive in testing the stated hypothesis. For this reason, the Designs
will be split onto two groups. One group will be evaluated allowing loop area or trace spacing to
change so that 100 Ohms differential impedance can be maintained for the differential designs
and 50 Ohms impedance for single ended designs. The second set will simply fix the loop area
for all designs. The fixed loop area will be 120,000 mils for all 12-inch cable. There are three
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standard designs and three self-shielded designs. The standard designs include samples A3, A4
and sample N. The self-shielded designs include samples I, D, K.

2.2.1. Fixed Impedance Dimensions

The impedance constraint is a difficult constraint to implement as a practical design option using
spacing that doesn’t completely negate our attempts to test the stated hypothesis. Small trace
widths and the lowest possible dielectric constant was used for all designs in order to maintain
the closest spacing possible under the constraint of controlled impedance. The lowest possible
dielectric constant that could be achieved with available materials was 2.9. Decreasing trace
surface area would decrease coupling between traces. The smallest trace widths that could be
reliably used is 5 mils. Figures 2 and 3 illustrate the smallest dimensions that could be used while
maintaining a differential impedance of 100 Ohms plus or minus 10 ohms.

Figure 2. Fixed Impedance Standard Designs
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10mil

5.00mil

1.00 mil 1.00mil

5.00mil

1.00 mil

5.00 mil

Figure 3. Fixed Impedance Alternate Designs and sample N

2.2.2. Fixed Loop Area Dimensions

The loop area was fixed in the designs illustrated in figures 4 and 5. Figures 2 through 6 are cross
section views of the flex circuit designs. The length of the designs will be fixed at 12,000 mils.

Fixing the loop area to ten mils and the length to 12,000 mils will setthe loop area to 120,000
mils.
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Figure 4. Fixed Loop Area Standard Designs

1.00 mil

1.00 mil

5.00 mil

Figure 5. Fixed Loop Area Alternate Designs

2.3. Design Drivers

2.4, Materials

The materials for the flexible portion of the sample is shown in Figure 6. The traces will be
copper. The material between the traces will be AP9131 copper clad and LF0222 LF Bondply.
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The non-copper materials between the traces maintain a dielectric constant of 2.9. The cable
samples are rigid flex where the connectors are installed to provide protection during soldering
and handling. The Rigid flex section of the cable includes GIA - 671N POLYIMIDE which has a
dielectric constant of 3.94. The necessity to use a stiffer material and higher dielectric constant in
the rigid flex portion will result in a drop in impedance in that small section of the cable. The
Rigid flex will not be modeled in CST.

Supplier Base Procassad
Layer Stack up Descripti Stock Number Description Typa gr | Thickness | Thickn: Fi
(Top]
2 el | 1400 1.400
| | AP9131 APFTH 1731 AP COPPER CLAD 2500 3.000 3.000
o | | 1400 1.400
I L0222 LF BP 222 LF BONDPLY 290 5000 5000
3 2 A & 1400 1.400
:3 | | AP9151 AP9151 1451 AP COPPER CLAD 2500 5.000 5.000
4 g i W W I 1400 1.400
-
S F1222 LF BP 222 LF BONDPLY 2900 5000 5000
5 A, A 1.400 1.400
| | AP9151 AP9151 151 AP COPPER CLAD 2500 5.000 5.000
B | | 1.400 1.400
Battom
Copper Thickness = £.400 | Dielectric Thickness = 23.000 | Solder Mask Thickness = 0.000 | Stack Up Thickness = 31.400
Notes.
Figure 6. Flex section of Sample D
Supplier Base Processad
Layer Stack up Description Stock Number Diescription Typs gr | Thickness | Thick File
fos]
I S CLDER MASK SOLDERMASK ~SODERMASK 4.000
1 £ TN A A A A A PCMEIS H OZ. FOIL + PLATING  Copper Fail i 2100 3.300
[ | Gla-671N 2PLIES PG 1080 NF POLYIMIDE B-STAGE  3.940 5.000 4953
[ | GlA-BTIN 1PLY PGL) 1080 NF POLYIMIDE B-STAGE 3540 2500 2477
2 | 1.400 1.400
| AP9131 APITH 1131 AP COPPER CLAD 2500 3.000 3.000
[ | GlA-BTIN 1PLY PGL) 1080 NF POLYIMIDE B-STAGE 3540 2500 2290
3 A A, 1.400 1.400
2 | AP9151 API151 151 AP COPPER CLAD 2500 5.000 5.000
s g I W W i400 1400
2 [ | GlA-BTIN 1PLY PGl 1080 NF POLYIMIDE B-STAGE 3940 2500 2290
i | Gla-671N 1PLY PGLI 1080 NF POLYIMIDE B -STAGE 3.940 2500 2290
5 A A 1.400 1.400
| AP9151 API151 151 AP COPPER CLAD 2500 5.000 5.000
B | 1.400 1.400
[ | GIA-BTIN 1PLY PGLI 1080 NF POLYIMIDE B -STAGE 3.940 2500 2477
[ | GIA-BTIN 2PLIEES PGl 1080 NF POLYIMIDEB-STAGE  3.840 5.000 45953
7 v 0 W W W W W PCMFIs0 H OZ. FOIL +PLATING  Copper Fail Copper 2100 3.300
SOLDER MASK SOLDER MASK  SODERMASK 4000

Coppar Thickness = 13.600 | Dislectric Thickness = 34.730 | Solder Mask Thickness =1.400 | Stack Up Thicknaes = 42.330
Figure 7. Rigid Flex section of Sample D Polar stack up

As you can see the thicknesses of the POLYIMIDE will change somewhat during processing.
The layers that are compressed implies variability in the thickness of those layers and
consequently some variability in the impedance. This variability will not be modeled in CST.
Figure 8 and 9 illustrate the material parameters used in CST to model the materials shown in the
polar stack ups (Figure 6 & 7). The copper material was loaded from the CST material library.
The copper has an electric conductivity of 5.8e+007 S/m and a density of 8930 kg/m"3. The
substrate materials were imported from CAD and renamed to “SUBSTRATE”. The substrate
was modeled with a dielectric constant of 2.9 and a tangent delta of 0.02 at 0 GHz.
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Material Pararmeters: Copper (annealed)

Problem type:  Default

General Themal Mechanics Density

General properties
Material name:
Copper {annealed)

Material folder:

w Problem type: | Default

General

General properties
Material name:

SUBSTRATE
Material folder:

Type: Type:
Lossy metal ~ Coating. .. Momal R
Electric conductivity: Mue: Epsilon:
= a—r
Calor Calor
| 0% Transparency  100% |
[[] Draw as wireframe Allow outline display [] Draw as wireframe

] Draw reflective surface

[] Add to material library

Cancel

[] Draw outline for transparert shapes

] Draw reflective suface

[] Add to material library

Apply Help

Material Parameters: SUBSTRATE

Conductivity Dispersion  Themal

L

Mechanics  Density

Mue:

0%

Transparency

100%

Allow outline display
[] Draw outline for transparent shapes

Cancel

Apply Help

Figure 8. Model Material Properties
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Material Parameters: SUBSTRATE X || Material Parameters: Copper (annealed) o
Problem type: | Default w Problem type:  Default
General Conductivity Dispersion Themmal Mechanics Density General Themal Mechanics Density
Blectric conductivity Magnetic conductivity Material density
(O Bl. conductivity: (@) Mag. conductivity: Rho: 29300 ka/m™3

Parameters... DMVBHCEd Parameters...

() Tangent delta mag.:

at frequency: GHz

Specification:

Const. fit tan defta i Const. fit tan delta

[J Useronder: |1 = User order: |1 =

Frequency range [GHz]

Canicel Apply Help Cancel Apply Help

Figure 9. Material Properties

3. PRODUCT PRODUCTION AND ASSEMBLY

3.1. Process Capability

A practical design is a design that is manufacture able. The expectation that the design be
manufacture able is the driver behind the 5 mil traces and the materials discussed in earlier
sections. It’s important to acknowledge the discontinuities that will occur when connectorising
these flex circuits. The odds are that these flex circuits will be terminated using unbalance
connectors. In this case the samples will be terminated with SMA connectors which are
inherently unbalance. Baluns are required to mitigate the use of unbalanced connectors.
Unfortunately, baluns will not be used and it is not feasible to measure only the flexible sections
of the samples. The termination of these samples will have an impact on the antenna parameters
at those terminations and will drive a variance between the output of the simulation and the
measurements. The model negates the termination method for two reasons. One reason is that the
termination method is not necessary for testing the hypothesis. The other reason is to simplify the
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model as much as possible while providing avalid and useful results. As such, only the flex
portion of the samples were modeled.

4.

TEST/MODEL DESCRIPTION

The simulation will characterize the samples transmitting performance. Gain and radiation
efficiency will the used as the primary metrics for evaluating sample performance and
transmitting antennas in a frequency range from 0 to 1 GHz. Only one sample will be used to
simulating performance as a receiving antenna because of constrained schedule and scope.

5.

5.1.
5.1.1.
5.1.2.

TEST/MODEL PARAMITERS

Model/Simulation
Objective
Model

The models are build using the CST Microwave Studio project type and the Electromagnetic
Compatibility (EMC) radiated emissions template.

Create Mew Simulation Project
General  Field Sources

Marme:

A1

Uze azzembly information

Froject type:
CST MICROWAYE STUDIO
Project template;

EMC - Radiated Emizzion - PCE_4.cfg
Solver bppe:

Transient

Reference model for global settings:

IJze reference block's coordinate system

Link. geomety to masgter model

Carcel

Block: Test Sample A1_1 w Select...

Help

ot
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5.1.2.1. Mesh

The mesh parameters were selected from CST best practices communicated through CST
workflows and CST technical support. The most important mesh properties used was the local
mesh properties. By highlighting the copper material and instituting a specified number of 2 cells
in the delta x, delta y, and delta z direction an efficient mesh was achieved. The number of cells
in the length wise direction (delta y) was overridden by the global properties because these
properties were more constraining. The total mesh sells were around 300,000 cells for all of the
designs (See figure 10).

Local Mesh Properties - Hexahedral 4 tesh Properties - Hexahedral TLA

Mesh group: Mairnurn cell %
’ I OK | Mear to model: Far From model:
[reshoroupi | - = =
Cells per wavelength: 20 = =0 =

H
X

Automesh and simulation settings Use same setting as near to model Apply
: Apply
: nt |Cel|s per max model box edge | | 10 %| | 1 | a
Update
Material based refinement Update [Juse same setting as near ko model
Snapping settings Help Minimur cell p———
) ’ =0 =]
Eonsider For swepping |Fract|on of raxirmurn cell neat to model ~ | | IZI'
e i e Lise same setking in all three directions
IZ|| | Ell | Ell Statistics

E = | ° = |° =

Smallest cell: P
Mesh refinement settings | 0.5 | | 189 |
[ use edge refinement factor 1 = Largest cell: Tyt

[z42.857 | [=s |
Maximum mesh step width settings Murnber of cells: Mz:
Use step width and extend range | 197,400 | | 31 |

Step width in x, vy, z using:
| Mumber of cells across object e

|z

Use same setting in all three directions

Extend range in x, vy, z by:
[o [0 | [

[[Juse same setting in all three directions

y=6000 2=18.02

ay=34z.86 dz=0.75735

iy=28 ==36

Figure 10. Mesh Properties
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5.1.3. Stimulation

The most important frequency range to consider is the operating frequency of the transmission
line. 1 expect digital signals will be the most common signal used on these traces. This means
that the range should start at zero and not exceed 1 GHz. One GHz is chosen as the upper
operating range in order to be conservative. It is noted that frequencies outside of the systems
operating range should be considered when designing for EMC compatibility since noise sources
may come from any frequency range. None the less, the frequency range for this study was
selected to be between 0 and 1 GHz for efficiency.

Boundary Conditions # | |Background Properties
Boundaries  Symmetry Planes Material properties
. Material type:
Mormal w Properties. .. Close
Typs: |open (add space) e open (add space)
[JmMultiple layers Apply
open (add space) open (add space) Help
Surrounding space
open (add space) open (add space) [ apply in all directions
— Lower ¥ distance: Upper X distance:
1000 Open Boundary... | | | |
0.0 0.0
Frequency Range Settings > | Upper ¥ distance:
0.0
0K cq Fmin:
_ | Ok I Upper Z distance:
E | 2
Cancel
Frnax:
| 1 | Help

Figure 11. Model Parameters

“Open (add space)” was selected for the boundary condition since far field parameters were
being measured. The symmetry of the samples was not considered so the symmetry planes were
setto “none”. The boundary materials where set to normal or free space.

5.1.3.1. Stimulus

In the actual implementation of the self-shielded designs, the current is split evenly between the
split traces. Inthis case the current in the two return traces should be half the magnitude of the
signal trace. The port settings don’t seem to indicate how the excitation signal changes when two
conductors are assigned the same name (see Figure 13). | set up current monitors on one of the
samples to verify that the excitation in the split signals is representative of the actual
implementation. The output of the current monitors validated that the return current is half the
magnitude of the signal current, validating the excitation signal is representative of the expected
use case. If this was not the case, the emitted field from the return would be twice as high and
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would indicate a higher Gain in the simulation than would occur in actual use of the design. The
excitation signal was a standard Gaussian pules. Figure 12 shows the excitation signal in the time
domain and the frequency domain.

(a) Excitation Signal in Time Domain

CST

-5

7\
/

9e-010

8e-010

7e-010

6e-010

5e-010

4e-010

3e-010

2e-010

1e-010

0.0005

0.001

0.0015

0.002
Time / us

0.0025 0.003 0.0035

(b) Excitation Signal in Frequency Domain

4
Frequency / GHz

5 6 7 8

Figure 12. Excitation Signal

0.004

CST

signal_defautt. m
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Xrmin - [0 Kmax + |00
Zmin: D - | 0.0 Zmax: EI + | 0.0
[ Free normal position  ¥pos: l:l

Reference plane

Distance to ref. plane: I:I

Mode settings

[Z] Multipin port Mumber of modes:

: E
[JEnsure shielding

Single-ended

[sing Electric ~

[]impedance and calibration Polarization angle

u

Madify Waveguide Port K
e o 1]
Mame: 1 ~

Cancel
Label: | | |

Apply
Marmal: Ox ®y Oz
Orientation: (®) Positive () Negative

Help
Text size: .
[ Limit text size to port area

Position
Coordinates: (®Free (O Full plane Use picks

Potential Set Definitions

x
Set  Potential X
1 positive 65 17.5
1 negative 56,4645 22,0355
1 negative 73.5355 12,9645
Edit. ..
Delete

Delete All

Help

Figure 13. Port Configuration

Waive guide ports were used as opposed to discrete ports. In addition, the multiport option was
used under mode settings. This allows the designer to configure the port to model differential
signaling. The multiport setting was not used for sample A4 because it was modeling a single
ended use case. The standard waive guild implementation was used for sample A4. The port
modes and impedance verified that the Sample A4 model was in alignment with the expected use

case.




5.1.3.2. Monitors/Probes

One of the EMC macros were used to set up far field probes spherically around the model (See

figure 14).
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E Generating Field Probes in 30 Valurme

Frobe Type
[ Efield E -field [farfield]
] H-field ] H-field [farfield)

Coordinate Svstem

(@) Spherical Coordinate
|3000
Theta [delta) (45
Phi [delta) 45

R adius [mm]

() Cartesian Coardinate

=

|-1nn |1nn |1n
|-1nn |1nn |1n
|-1nn |1nn |1n

() Cylindrical Coordinate

z
-500
500

:

500
30

)

Cancel

*

Monitor

Type
() E-Field

() H-Field and Surface current
®Farf

Field source

Label

Mame; | farfield (broadband)

Spedfication
O Fregquency
Frequency samples:

Accuracy:

[ transient farfields

Use Subvolume

Free
0.0 0.0
0.0 0.0
0.0 0.0

Use same offsetin all dire

[]Export farfield source

*
() Surface current (TLM only)
() Power flow Cancel
() Current density prr
() Power loss density/SAR Y
() Electric energy density Preview
O Maanetic energy density
Help
Automatic
(®) Transient Broadband
| 51
le-3 V
Absolute distance
[ @]
e ®
® *

Figure 14. Additional Probes and Monitors

A Fairfield/RCS monitor with Transient Broadband was used to capture field strength vs
frequency in the far field. Fifty-one frequency samples were used for a smoother trace. This

monitor would produce good 1D radiation efficiency and gain plots making it easier to compare

the design performances with these samples.
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Please see figure 15 for solver Acceleration Settings and Solver Parameters. Solver parameters
were configured based on CST support input to achieve the most accurate TRD measurements.
TDR was turned on in the general tab. The port mode was changed to generalized, line
“Impedance Adaptation Before Solver Run” was de-activated, and the Mode calculation

frequency was set to 0 in the waive guild tab.

Acceleration - Time Domain Solver

CPU and Hardware acceleration

[P acceleration up toi

Multithreading up to
[ |Hardware acceleration
Distributed computing (DC)
|:| Parameter sweep/Optimization up to

[ ] Distribute excitation calculation up to

—

I
72
1
ra
ra

pod

devices

L3

threads

DC Properties. ..

*

Special Tirne Dornain Solver Pararmeters

Steady State  General ‘waveguide AR-Fiker Materal  Solver

General settings

Stability Factar for timestep: 1.0

Restart soleer after inztability abort

Conzider 2-port reciprocity with energy balance limit of [IRIK]

Automatic time signal zampling
[] Consider excitation frequency for field sampling rate

TDR analysiz [ 50% time: shift

[ Use broadband phaze shift with lower bound factar of 01

[ Ensure shielding for all parts: Electric

Frequency settings
Frnay:

Ii

Frair:

| i

Samples (log):
IE

Samples (lin):

||1nm

Cancel Help

[ —

Special Time Dornain Solver Pararmeters

Steady State  General Waveguide  AR-Fiter  Material  Solver

General settings

Port mode solver: Generalized [preview) ~

Abzorb unconsidered mode fislds: Automnatic [inkhom. ports anly)

Port operator
- Inhomogeneous port accuracy enhancement [full S-katriz]
20

Conzider dielectic losses

- Broadband for inhomogeneous ports

[ &ctivate [for generalized port mode zolver anly)

- Mode calculation frequency: Frin Frnax
0 | A
Line impedance adaptation before solver run
[ Activate 1 X
I
Cancel Help

Figure 15. Time Domain Solver Set Up
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6. TEST/MODEL RESULTS
6.1. Simulation
6.1.1. Impedance

The wave length is 0.3 meters given a dielectric constant of 2.9 at 1GHz. All these cables
samples are 12K mils long or about 0.3048 meters long. The velocity of propagation is
1.76*1078. This gives us an electrical length of 1.73 nm. If you consider the time that it takes for
the signal to travel to the end of the cable and the reflections to return, the TDR electrical length
should be 3.52*1078. The fixed impedance samples must maintain a 100 + 10 Ohm differential
impedance for all but one sample. Only one sample (A4) was single ended. Sample A4 was
required to maintain 50 + 10 Ohms (Fleisch 124).

(a) Fixed Impedance TDR traces
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(b) Fixed Area TDR trace
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Figure 16. TDR Traces of All Samples
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6.1.1.1. Fixed Area
6.1.1.2. Accuracy in question

The accuracy of the model came into question based on TDR observations. Several mesh
refinement approaches were taken to remove the anomaly. Based on CST support feedback,
TDR is more sensitive to less than ideal mesh’s. If dx, dy, or dz of the mesh cells are far from
equal it can cause a buildup of error in the coarser direction. In this case the coarser direction
was along the length of the cable. This could add error to the TDR. Unfortunately, this could not
be rectified without creating tens of millions of mesh cells and making the simulation too large to
solve considering the number of runs required. On the other hand, Gain and radiation efficiency
is calculated from emissions in all directions. It is reasonable to assume that the most important
parameters were not as sensitive as the TDR in these models. To test this assumption, | tested the
sensitivity of Efficiency and Gain to changes in the mesh. I ran three different mesh’s starting
from the mesh refinement used for all the samples, then doubling the number of cells per
wavelength for the second simulation, and finally tripling the number of mesh cells for the third
simulation. Doubling and tripling cells would only impact the cell dimensions in the lengthwise
direction because the local mesh properties controlled the mesh cells in the other directions. This
process would allow me to observe Gain and efficiency change as the number and dimensions of
the mesh cells change. Finally, 1ran the model using adaptive mesh. The Efficiency was -55dB
on the first run, -57dB on the second, and back to -55dB on the third run. Resulting in a = 2%
variation. The Efficiency finished the adaptive meshing after the minimum 2 runs because it met
the 2% requirement. An accuracy of 2% is acceptable for this project.
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6.1.2. E and H field observation

The self-shielding works by creating tighter field coupling. The tighter coupling can be seen
visually between the best performing self-shielded cable and one of the worst performing cable.

(a) Sample N

(b) Sample D

Figure 17. Samples N and D E-fields at 0.5 GHz

6.1.3. Gain

The lowest Gain will be the more favorable result when evaluating the Gain performance on
these samples. The best performing design is one of the standard designs (A3 sample). This is
probably because of its proximity and orientation to the ground plain. Further evaluation will be
required to understand why this sampler performed so well. The other two standard designs were
the worst performing samples. The best performing self-shielded cable is between sample K and
D. Sample D performs better on average but displays some resonance at 450MHz and 900MHz
where it displays enhanced gain. Finally, the worst performing sample is the standard single
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ended sample and sample N. In general, the self-shielded designs perform the best. The margin
(figure 18 (b)) between the performance of the standard samples and the self-shielded sample
shrink when impedance control is required. The improved shielding performance may not be
worth the trade in space given the increase in cross sectional area for the implementation of the
self-shielded samples. On the other hand, the self-shielded designs are a better option if
impedance control is not required or can be implement at lower impedance across the entire
system or subsystem. This can be the case if all the transmission lines are all contained in one
board and only your inputs and outputs need to be matched to standard impedances. (Pozar 274)

(a) Fixed Impedance Gain
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Figure 18. Gain of All Samples

6.1.4. Efficiency

The Antenna Radiation Efficiency is also known as the conduction-dielectric efficiency (ecd). Its
defined as the power delivered to the Radiation resistance divided by power delivered to the sum
of the Radiation Resistance Rr and the conduction dielectric resistance RL. Another helpful
representation of the Radiation Efficiency (ecd) i €cd = Prad/Pin. The lowest ecd Will be the more
favorable result when evaluating the ecd performance on these samples. The best performing
design for efficiency is the A3 sample. The explanation given in section 7.1.3 is applicable for
efficiency as well. The best performing self-shielded cable is between sample K and D. Sample
D performs better on average but displays some resonance at 450MHz and 900MHz where it
displays enhanced gain. Finally, the worst performing sample is the standard single ended
sample and the N sample. In general, the self-shielded designs perform the best. Figure 19
displays ecd in dB while Figure 20 displays ecd in linear magnitude. (Balanis 110)

(a) Fixed Impedance (ecd)
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Figure 19. Radiation Efficiency in dB

(a) Fixed Impedance (ecd)
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Figure 20. Radiation Efficiency in Linear Magnitude

Conclusion

In conclusion, the self-shielded samples do perform better in regards to EMC by several dB on
average compared to the standard samples. When loop area is fixed, the performance difference
is in the tens of dB on average. The improved EMC performance is reduced when required to
match impedance at 100 ohms or 50 ohms single ended. The reason for the improved EMC
performance is tighter field coupling between traces. It is noted that there are other design
features that can increase field coupling. Generally, anything that increases capacitance will
increase field coupling and reduce loop impedance which isn’t a new concept to transmission
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line design. You can do this by increasing surface area of the traces. You can also make the
outside traces wider than the inside trace when you are spitting the return or negative signal.
Lowering the dielectric content helps to mitigate the sharp drop in impedance without needing to
spread out the traces as much.
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